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A 14-year old boy with anemia due to chronic gastrointestinal bleeding required recurrent transfusion.
An extensive non-invasive evaluation that included detection of fresh blood in the small bowel followed
by laparotomy with on-table pan-endoscopy (including enteroscopy) was unsuccessful in identifying a
bleeding source. After repeat capsule endoscopy at our center conﬁrmed bleeding in the distal small
bowel, CT angiography identiﬁed a 6-mm focal area of enhancement in the ileum communicating with a
distal branch of the superior mesenteric artery. Direct visceral angiography with super-selective arteri-
ography identiﬁed a fast-ﬂow vascular malformation supplied by terminal branches of the ileal artery.
Diagnostic laparoscopy revealed intra-abdominal adhesions and no clear vascular malformation. Initial
careful visual and manual examination of the bowel after conversion to laparotomy failed to identify the
lesion. On-table retrograde enteroscopy demonstrated a small, pulsatile lesion without ulceration or
adherent clot in the mucosa of the proximal ileum. With endoscopic transillumination, a cluster of
serpiginous vessels could be seen within the wall of the small bowel. The lesion was resected and pa-
thology was consistent with angiodysplasia. Angiodysplasia is a rare cause of occult, chronic gastroin-
testinal bleeding in children. A multidisciplinary approach optimizes the likelihood of therapeutic
success.
© 2016 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Case report
A 14-year-old, otherwise healthy boy experienced chronic
gastrointestinal bleeding over a period of a year. He initially pre-
sented to another facility with unexplained fatigue, pica for ice, and
melena. His hemoglobin was 5.6 g/dL. An extensive workup
including upper GI endoscopy, colonoscopy, wireless capsule
endoscopy, abdominal ultrasound, MR enterography, abdominal
and pelvic CT, technetium-99 m pertechnetate (Meckel) scan, and
technetium-99 m pertechnetate labeled red blood cell scan wereston Children's Hospital, 300
(A.J. Murphy), Anna.lillis@
ewich@childrens.harvard.edu
d.edu (A.I. Alomari), Heung.
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Inc. This is an open access article uunrevealing. He required iron and vitamin C supplementation as
well as recurrent blood transfusions every two weeks. Despite
treatment with long-acting octreotide, bleeding persisted accom-
panied by intermittent headaches, severe fatigue, and melena,
preventing his participation in athletic activities. After repeat
capsule endoscopy revealed fresh red blood in the distal small
bowel, he underwent exploratory laparotomy with on-table pan-
endoscopy including total enteroscopy that failed to identify a
source of bleeding.
He was referred to our center for a second effort to localize the
bleeding source. A repeat small bowel capsule endoscopy again
revealed fresh blood pooling in the distal small bowel but no
discrete source. A CT angiogram identiﬁed a 6-mm focal area of
enhancement in the ileum consistent with an arteriovenous mal-
formation in communication with a distal branch of the superior
mesenteric artery (Fig.1). A visceral angiogramwas performedwith
selective catheterization of the celiac, superior mesenteric, rightnder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Fig. 1. Maximum intensity projection (MIP) image from CTA demonstrates 6 mm area
of abnormal enhancement (arrow) along terminal SMA branches.
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a vascular malformation supplied by multiple small arteries arising
from the ileal artery (Fig. 2). Inability to identify a single artery
leading to this malformation precluded safe embolization of the
lesion.
With the aid of the above pre-operative localizing studies, we
took the patient to the operating room for exploration. Diagnostic
laparoscopy revealed multiple intra-abdominal adhesions and no
clear vascular malformation. We converted to an exploratory lap-
arotomy and performed a full adhesiolysis. Our initial careful visual
and manual examination of the bowel did not identify the lesion
seen on arteriography. We then performed on-table colonoscopy
and retrograde enteroscopy. In the proximal ileum, a small, round,Fig. 2. Selective superior mesenteric artery (SMA) branch injection (A) frontal and (B) obliqu
to super-selectively catheterize the individual feeding branch vessels precluded embolizatipulsatile red lesion was seen in the small bowel mucosa. The lesion
had discrete margins and was without ulceration, exposed vessel,
or adherent clot (Fig. 3). With the assistance of transillumination
from the endoscope, a serpiginous vessel consistent with an arte-
riovenous malformation (or angiodysplasia) could be seen coursing
through the wall of the small bowel (Fig. 3). Intraoperative ultra-
sound conﬁrmed high-ﬂow through the lesion (Fig. 4). We ligated
the inﬂow and outﬂow of the vessel with 6-0 PDS suture and
resected it with a TA stapler. The staple line was oversewn with 5-
0 PDS Lembert sutures.
Histologic sections of the resected specimen showed a small
polypoid elevation of the mucosa attributed to a prominence of
submucosal vessels. These consisted of abnormally large arteries
and veins as well as other dilated channels with variably muscu-
larized walls, most likely vessels of indeterminate lineage or
abnormal veins. At the base of the mucosal ulcer, vascular walls
were eroded and lumens contained thrombus. Deﬁnite arteriove-
nous communications were not observed. A few small arteries
contained thrombi with ﬁber-like material ascribed to the angio-
graphic procedure. Viewed in isolation, the histopathology seemed
most consistent with an arteriovenous communication, either an
arteriovenous malformation or angiodysplasia. (Fig. 5).
Because of the extensive small bowel manipulation in the
operating room, the patient experienced a postoperative ileus
lasting one week, but eventually recovered bowel function and was
discharged from the hospital tolerating a regular diet and without
any ongoing gastrointestinal bleeding. At one year of follow-up, the
patient is doing well with no recurrent bleeding.
2. Discussion
This case illustrates angiodysplasia as a potential source of
occult gastrointestinal bleeding in the pediatric population.
Angiodysplasia, or arteriovenous malformation of the submucosal
intestinal blood vessels is more commonly responsible for gastro-
intestinal bleeding in the elderly population, where it is typically
found in the terminal ileum or right colon [1]. In fact, small bowel
angiodysplasias are thought to be responsible for 50% of obscure,
non-variceal gastrointestinal bleeds in adults and the majority ofe views demonstrate a vascular lesion fed by several tiny feeding vessels. The inability
on in this case.
Fig. 3. (A) Enteroscopy appearance of a discrete red lesion without ulceration or adherent clot in the small bowel mucosa of the proximal ileum. (B) Endoscopic transillumination
revealing a cluster of serpiginous vessels coursing within the wall of the small bowel. (For interpretation of the references to colour in this ﬁgure legend, the reader is referred to the
web version of this article.)
Fig. 4. Intraoperative greyscale and color Doppler ultrasound with high-frequency linear probe placed directly over the serosal surface of the bowel demonstrates a high-ﬂow lesion
within the bowel wall.
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testine, while described, are more rare. It is most convincingly
diagnosed by arteriography, where the appearance of a tuft of
contrast signiﬁes the submucosal arteriovenous communication.
Angiodysplasia has been previously identiﬁed as a rare cause of
gastrointestinal bleeding in the pediatric population that is prone
to delayed diagnosis and associated with multiple hospitalizations
and a chronic course of gastrointestinal bleeding [3]. The current
case demonstrates the utility of both CT angiography and selective
angiography in conﬁrming the diagnosis of an arteriovenous mal-
formation. Even with preoperative localization, intraoperative
identiﬁcation can be exceedingly difﬁcult and is facilitated by
intraoperative enteroscopy with meticulous inspection of the mu-
cosa and transilluminaton of the bowel wall. Proper intraoperative
enteroscopy is quite tedious and ideally undertaken after a lesion
has been localized preoperatively. In the current case, we persisted
with an exhaustive search for the arteriovenous malformation
despite an initially negative exploration because of the information
gained from preoperative imaging studies. Ultrasound served as a
useful adjunct in identifying increased ﬂow in the dysplastic blood
vessels prior to resection.
Angiodysplasia is often multifocal or segmental in nature, and
therefore a thorough inspection of the entire bowel should be
conducted at the time of exploration. For lesions found in the right
colon (the most common site), a right colectomy is advised [4].
There are no consistent recommendations with regard tosegmental resections when angiodysplasia is found at other sites,
although a thorough inspection ought to be undertaken to ensure
all lesions in that area are removed. In the current case, no addi-
tional lesions in the immediate area of the ileum or elsewhere in
the small bowel or colon were identiﬁed. Endoscopic therapy with
argon plasma coagulation is commonly used in adult patients due
to ease of use, availability, safety, and cost-effectiveness [5]. Med-
ical therapies including long-acting somatostatin analogues have
also been shown to reduce rates of rebleeding in adult studies on
patients with refractory small bowel angiodysplasia [6]. Super-
selective angiographic embolization is an option, but is accompa-
nied by the risk of bowel infarction andwas not technically possible
in the current case. Super-selective angiography with local infusion
of vasopressors is associated with typically short-lived results [7].
Despite a multitude of initially effective therapies, the overall rate
of rebleeding events in one adult series was 80% [2].
This case also underscores the critical importance of a collabo-
rative multidisciplinary approach to occult gastrointestinal
bleeding. We were asked to help this patient after a very thorough
evaluation failed to localize a bleeding source. We assembled a
team with expertise in angiography, endoscopy, and gastrointes-
tinal surgery. Representatives from all three disciplines were
physically present at the time of operation, which we believe
optimized the approach to this difﬁcult-to-ﬁnd lesion and greatly
improved our chances for success.
Fig. 5. Histopathology of resected specimen. (A) Large vessels in submucosa. (B) Mucosal ulcer with enlarged vascular channels at base, some with eroded walls and thrombosed
lumens (arrows). Large and variably muscularized submucosal vessel. (C) Enlarged submucosal arteries and veins. (D) Increased size and possibly number of small submucosal
arteries, some entering mucosa (arrows). Key: A-arteries, V-veins or indeterminate channels.
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Angiodysplasia is a rare cause of occult, chronic gastrointestinal
bleeding in the pediatric population. CT angiography and direct
mesenteric angiography are the diagnostic studies of choice in
identifying angiodysplasia preoperatively. Identiﬁcation and
resection of the lesion is facilitated by intraoperative enteroscopy
and ultrasound examination. Amultidisciplinary approach to occult
gastrointestinal bleeding optimizes the likelihood of therapeutic
success.
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